The most recent European guidelines and task force reports on hospital-acquired pneumonia (HAP) and ventilator-associated pneumonia (VAP) were published almost 10 years ago. Since then, further randomised clinical trials of HAP and VAP have been conducted and new information has become available. Studies of epidemiology, diagnosis, empirical treatment, response to treatment, new antibiotics or new forms of antibiotic administration, and disease prevention have changed old paradigms. In addition, important differences between approaches in Europe and the USA have become apparent. The European Respiratory Society (ERS) launched a project to develop new international guidelines for HAP and VAP.
Other European societies, including the European Society of Intensive Care Medicine (ESICM) and the European Society of Clinical Microbiology and Infectious Diseases (ESCMID), were invited to participate and appointed their representatives. The Latin American Society of Thoracic Diseases (ALAT) was also invited to participate. This manuscript summarises the evidence and recommendations of these international guidelines on HAP and VAP.
Background
Nosocomial pneumonia is a frequent infection that is classified into two groups [1] : HAP, which develops in hospitalised patients after 48 h of admission, and does not require (but may include) artificial ventilation at the time of diagnosis [2, 3] ; and VAP, which occurs in intensive care unit (ICU) patients who have received mechanical ventilation for at least 48 h [2, 3] .
HAP is the second most common hospital infection and has the highest crude mortality, while VAP is the most frequent cause of nosocomial infection in the ICU [2, 3] . Both types of pneumonia lengthen hospital stay and consume considerable health resources [2, 3] .
Recently, the ERS, ESICM, ESCMID and ALAT published clinical guidelines on the therapeutic and management strategies for adult patients with HAP and VAP, designed to guide clinical decisions made not only by pulmonologists and intensivists but by all health professionals who treat these patients [2] . These clinical guidelines are evidence-based (Grading of Recommendations Assessment, Development and Evaluation) and follow the PICO ( population-intervention-comparison-outcome) model.
Each section in this article refers to a specific PICO question addressed in the guidelines.
Obtaining samples in intubated patients
To identify the causative agent of nosocomial pneumonia, the recommendation is to perform a qualitative or quantitative ( preferred) analysis of the respiratory secretions. In both cases, the quality of the respiratory samples should be assessed [3] .
Both invasive techniques (fibre-optic bronchoscopy or mini-bronchoalveolar lavage) and noninvasive techniques can be used to obtain samples of respiratory secretions for quantitative or qualitative analysis. Examples of both types of technique listed in table 1.
Quantitative analyses use the bacteriological growth count to assist differentiation between infection (when there are high concentrations of a certain organism) and colonisation (when the concentrations are low); qualitative analyses focus on the presence or absence of pathogens [4] .
Qualitative cultures of tracheal aspirates are simple and noninvasive, but the main methodological limitation is that samples are often contaminated by the flora colonising the upper tracts and are therefore less specific [5] .
Invasive techniques also present several disadvantages: the need for qualified personnel to perform these procedures, potential risks for the patient, and the associated costs [2, 3] . Techniques such as bronchoalveolar lavage and the application of quantitative cultures achieve reliable identification of the causative agents of the infection, especially in patients at high risk, such as those undergoing mechanical ventilation [5] , and can thus guide antibiotic treatment [2] .
No randomised controlled clinical studies have compared quantitative and qualitative cultures of the same sample [2] . However, a Cochrane review from 2014 included five studies that compared invasive methods using quantitative cultures with noninvasive ones using qualitative cultures [4] . The authors concluded that there was no clear advantage between quantitative and qualitative cultures, or invasive and noninvasive techniques [4] .
Noninvasive methods may overestimate the presence of bacteria in the initial examination of the samples, which can lead to excessive antibiotic use [2] . If the sample is obtained before changing the antibiotic treatment and yields a negative result, the antibiotic can be withdrawn since the possibility of no infection is high [6, 7] . However, a negative result may also indicate that the infection has been controlled [2] .
Key points
• The European guidelines indicate that it is preferable to obtain the distal quantitative samples before antibiotic treatment [2] , since it is known that if samples are obtained within 48 h of the start of antibiotic treatment the result may be altered or emerge as negative [2, 5] .
• In view of the general overuse of antibiotics, the reduction in their prescription through use of distal quantitative cultures may have a positive impact on the appearance of resistance and consequently on health expenditure, although no studies of cost effectiveness have been carried out to date [2] .
Treatment of early nosocomial pneumonia (before 5 days) and late nosocomial pneumonia (after 5 days)
A distinction should be made between patients with risk factors for antibiotic resistance and patients without these risk factors, and also between early and late episodes.
In early VAP without risk factors, the most frequent causative pathogens are Streptococcus pneumoniae, Haemophilus influenzae and methicillin-sensitive Staphylococcus aureus. By contrast, in late VAP the causative agents are at high risk for antibiotic resistance: for example, Pseudomonas aeruginosa, Acinetobacter baumannii, methicillin-resistant S. aureus (MRSA) and other Gram-negative bacilli, depending on the predominant microorganism in each hospital and ICU [5] . Gram-negative bacilli are considered multidrug resistant (MDR) if they are resistant to three or more families of antibiotics to which they are normally sensitive, including β-lactams ( penicillins and cephalosporins), carbapenems, aminoglycosides and quinolones [8] . The rate of resistant pathogens in local microbiological data is considered high when it exceeds 25% (figure 1) [2] .
Patients with early nosocomial pneumonia who do not have risk factors for multidrug resistance, have a low mortality risk, and are treated in an ICU with a low rate of MDR pathogens, should be treated with antibiotics that cover community pathogens, while in patients with late nosocomial pneumonia or who present risk factors for multidrug resistance or a high risk of mortality, initial broad spectrum empirical treatment should be performed [3] . In the latter case, a combination of antibiotics should be prescribed in order to expand the spectrum and avoid resistance [3] . : low risk for mortality is defined as a ⩽15% chance of dying, a mortality rate that has been associated with better outcomes using monotherapy than combination therapy when treating serious infection [18] . Reproduced from [2] .
It is necessary to define the nosocomial pneumonia patients who can receive narrow-spectrum empirical treatment and those who should receive broad-spectrum empirical treatment, in order to prevent the appearance of resistance and secondary effects related to antibiotics [2] . Patients susceptible to colonisation by MDR microorganisms usually present with more severe condition, are often immunocompromised and present risk factors, as is the case with many patients requiring mechanical ventilation [8] .
The European guidelines defined low-risk patients as those who do not present with septic shock, do not have other risk factors for MDR pathogens and are not admitted to ICUs with a high rate of resistant pathogens (25%) [2] .
An important variable for identifying MDR pathogens is the time of pneumonia onset. Early HAP and VAP are defined by an occurrence within 4 days of hospital admission and are associated with a better prognosis, since they are more likely to be caused by microorganisms that are generally sensitive to antibiotics. Late-onset pneumonias develop after 5 days of hospitalisation and are more likely to be caused by MDR microorganisms, with higher morbidity and mortality [2, 9] . Prior antimicrobial therapy or hospitalisation for longer than 2 days during the 3 months prior to the episode have also been identified as risk factors [2] .
Previous studies found advanced age and previous use of antibiotics to be risk factors for MDR pathogens in ICU-acquired pneumonia [2, 10] . Also, patients over 65 years of age are at a greater risk of infection with methicillin-resistant S. aureus [11] , and acute renal failure is associated with an increased risk of community-acquired pneumonia due to P. aeruginosa, Enterobacteria producing extended spectrum β-lactamase (ESBL) and multidrug-resistance [2, 12] .
Despite the lack of cost-effectiveness studies, the European guidelines consider that narrow-spectrum antibiotic treatment is associated with fewer direct costs, since the costs incurred by drug-related toxicity are lower and the emergence of multidrug resistance may also be reduced [2] . By contrast, administration of an inadequate narrow-spectrum antibiotic may entail higher costs due to the prolongation of mechanical ventilation and hospital stay and a greater final use of antibiotics [9] .
• The selection of patients with early-onset nosocomial pneumonia to receive empirical treatment with narrow-spectrum antibiotics should be based on the individual risks, the severity of the clinical situation (shock), and the frequency and type of MDR pathogens detected in the ICU [2] .
• Narrow-spectrum antibiotics can be used in patients with early onset of HAP or VAP, whenever the risk of resistance and mortality is considered to be low [2] .
• In patients with early-onset HAP/VAP who develop septic shock, a broad-spectrum empirical treatment against P. aeruginosa and ESBL producing organisms is recommended [2] . In addition, MRSA should be covered if prevalent in the unit (>25% S. aureus in the unit).
• Multiple broad-spectrum antibiotics should not be used routinely, in order to prevent drug-related toxicities, such as renal failure due to the use of the nephrotoxic drugs aminoglycosides and vancomycin, but may be necessary in selected patients [2] .
One or two antibiotics for initial broad-spectrum empirical treatment
The aims of combined antibiotic treatment are to obtain synergies between different groups of antibiotics, extending the spectrum of action against Gram-negative bacilli and avoiding the emergence of resistance [3, 8] . However, combined treatments may also have disadvantages (at least potentially) such as the increased risk of toxicity, the higher cost of treatment and problems of superinfection [8] .
European guidelines (and also those provided by ALAT) define high-risk patients as those who present with HAP/VAP and septic shock and/or the following risk factors for MDR pathogens: 1) admitted into units with high rates of MDR pathogens (i.e. above 25%, including Gram-negative bacteria and MRSA); 2) prior use of antibiotics; 3) recent prolonged hospitalisation (>5 days); and 4) previous colonisation by MDR pathogens [2] .
The 2016 American guidelines indicate that when HAP is suspected, coverage for S. aureus, P. aeruginosa and other Gram-negative bacilli should be included in the empirical treatment [13] . The European guidelines indicate that, in certain patients, if a single antibiotic is effective against more than 90% of Gram-negative bacteria, the initial empirical therapy can be monotherapy if the patient is not in septic shock ( may be associated with increased toxicity and an increased risk of late-onset multidrug resistance and superinfection [2, [15] [16] [17] .
When HAP/VAP is associated with septic shock or is produced by Gram-negative bacteria, the combination of two Gram-negative specific antibiotics may be beneficial [18, 19] . Some studies even indicate that dual therapy (β-lactams in combination with aminoglycosides, fluoroquinolones or macrolides/clindamycin) presents a significantly lower risk of death compared with monotherapy [2, 19] .
In patients with a low risk of MDR and low mortality risk, the recommended therapy consists of a narrow-spectrum drug with activity against non-antibiotic-resistant Gram-negatives and MRSA. The appropriate drugs are ertapenem, cetriaxone, cefotaxime, moxifloxacin or levofloxacin [2, 13] .
The percentage of MDR microorganisms isolated in each ICU should also be taken into account. According to European guidelines, in high-risk patients in an ICU in which >25% of S. aureus respiratory isolates are methicillin-resistant (between 10% and 20% according to American guidelines) an agent with coverage for this pathogen should be added to the empirical treatment [2, 13] .
Initially, a dual regimen should be used for P. aeruginosa in high-risk patients who are critically ill or with septic shock [2, 13] . If the pathogen in the ICU may be Actinobacter spp., colistin should be used as the second agent. The agents for high-risk patients are displayed in table 3.
• It is important to start combined empirical treatment if there is a high risk of HAP/VAP due to MDR Gram-negative bacilli, and the patient has septic shock. If there is a high risk of MRSA in the unit, a specific antibiotic directed at this pathogen should be added [2] .
• If combined therapy is started, it should be continued in the presence of pan-resistant or MDR non-fermenting Gram-negative bacteria or carbapenem-resistant Enterobacteria isolates [2] .
• Combined therapy may be changed to monotherapy depending on the results of the cultures [2] .
Duration of treatment
The duration of antibiotic treatment in HAP is a controversial point that has triggered spirited debate [5] .
Several studies have compared different durations of antibiotic treatments. One study compared 8-day versus 15-day treatment regimens, and found no differences in mortality (18.8% in the group treated for 8 days and 17.2% in the group treated for 15 days). However, differences were observed in relapse of pneumonia. In particular, patients who had pneumonia due to non-fermenting Gram-negative bacilli, including Pseudomonas spp., in the 8-day regimen group presented more recurrences (40.6%) than those treated with the 15-day regimen (25.4%), although they presented less MDR pathogens [20] . Similarly, a Cochrane review assessing the efficacy of short versus long regimens (7-8 days versus 10-15 days) in patients with VAP concluded short-course antibiotic therapy does not increase the risk of adverse outcomes by non-fermenting Gram-negative bacilli; in addition, compared with longer treatments they may reduce MDR [21] .
No differences were observed between the short and long treatments regarding the duration of mechanical ventilation or ICU stay [2] .
Currently, both European and American guidelines recommend 7-8 day regimens in patients with VAP who do not have immunodeficiency, cystic fibrosis or other pulmonary problems such as pulmonary empyema, lung abscess, cavitation or necrotising pneumonia, and in those who respond well to antibiotic treatments [2] .
A study using a 3-day course of antibiotics in patients with suspected HAP, but with low scores on the Clinical Pulmonary Infection Scale (CPIS) observed that this short course was associated with a reduced risk of superinfection or resistance compared with the standard duration of antibiotic treatment [21] .
Rates of treatment discontinuation, due to adverse effects, appear to be similar in the two therapeutic options, although shorter treatments are likely to be associated with better tolerability [2] .
Key points
• The current recommendation is to use 7-8 day treatments in patients with VAP without other respiratory comorbidities such as pulmonary empyema, lung abscess, cavitation or necrotising pneumonia, and who present a good response to treatment [2] , in order to avoid the appearance of multidrug resistance. There are specific instances where longer durations of therapy may have benefit, as discussed later in this article (table 4 ).
• The European guidelines argue against routine antibiotic therapy for more than 3 days in patients with a low probability of HAP and no clinical deterioration within 72 h of symptom onset [2] .
Clinical assessment or detection of biomarkers as a predictor of response
The ideal biomarker for appraising response to treatment is yet to be found. Theoretically, such a biomarker should be inexpensive, easily acquired and should provide results in a timely manner. This potential biomarker could help reduce antibiotic consumption and promote clinical research [1] .
Several biomarkers for nosocomial pneumonia have been determined, including C-reactive protein, procalcitonin (PCT), copeptin and the mid-regional pro-atrial natriuretic peptide [1, 2] . However, there are no clinical studies comparing treatment outcomes in HAP/VAP patients managed according to the patient's bedside clinical assessment or biomarker determinations [2] .
In addition to the clinical signs of respiratory infection, the clinical assessment of the patient includes radiological tests, cultures of respiratory samples, analytical determinations and the scores from various rating scales such as the CPIS [2] . It is also known that the clinical criteria for the diagnosis of VAP have high sensitivity but low specificity; other complications in critically ill ventilated patients such as atelectasis, pulmonary oedema, pulmonary embolism and pulmonary trauma may closely resemble VAP [1] .
The CPIS is a semi-objective evaluation of several clinical factors of pneumonia. A study assessing its ability to identify patients with VAP who might respond to treatment concluded that serial CPIS measurements might define the clinical course of VAP, identifying patients with a good response after 3 days from the diagnosis [22] . Another score used for the assessment of these patients is the Sequential Organ Failure Assessment (SOFA) score. A direct relationship has been observed between a decrease in the SOFA score and survival [23] . The same study concluded that the measurement of PCT and C-reactive protein at the beginning of VAP infection and on day 4 could predict mortality, and that a decrease in either one of these markers was a predictor of survival [23] . Similar results were observed in other studies which measured these markers on days 1, 3 and 7, confirming that PCT levels on day 3 were a strong predictor of mortality [2] . However, it should be emphasised that PCT has limited value in cases of renal failure, haemodialysis and resuscitated cardiac arrest [24] .
For copetin, studies indicate that its levels at the onset of the VAP episode were lower in eventual survivors than in eventual non-survivors [2] .
Key points
• There are no studies comparing management of HAP/VAP patients through sequential evaluation of biomarkers. The current recommendation is to use clinical criteria to decide whether or not to initiate antibiotic treatment or follow-up [2, 13] .
• PCT alone is the greatest predictor of mortality risks [25] .
• Biomarkers such as copeptin and the SOFA score can predict mortality in patients with VAP [25] .
PCT as a marker of treatment duration in patients with nosocomial pneumonia with severe sepsis or VAP Although PCT may be limited as a marker of treatment response, it has been abundantly studied and it is the most common biomarker evaluated in daily clinical practice [1] . Among the studies evaluating its usefulness for predicting VAP, one systematic review of seven studies found that high plasma PCT levels were associated with an increased risk of pneumonia [26] . Another study found that high baseline PCT levels were associated with lower survival [1] .
A meta-analysis and a Cochrane review also indicated that the use of clinical algorithms based on PCT levels produce a significant reduction in antibiotic consumption without increasing mortality rates or treatment failure [27, 28] .
A later study conducted in China with 115 critically ill patients with VAP found that high PCT levels were associated with an increased risk of mortality within 2 months of diagnosis [29] . An open prospective study conducted with more than 1500 patients randomised to be treated following PCT results or with standard management, found that the average duration of antibiotic treatment in the PCT group was 5 days (range 3-9 days), compared with 4 days (range 4-11 days) in the standard antibiotic treatment group; 28-day mortality rates were 20% and 25%, respectively [30] . Other studies have shown that routine determination of serum PCT shortens the duration of antibiotic treatment by ∼3 days and significantly lowers 28-day mortality [2] .
It should be highlighted that inappropriate initial antibiotic treatment may delay the clinical response. Serial PCT measurement may help to plan the duration of antibiotic treatment, although this practice has not yet been validated for decision making upon initiation of treatment [2] . Similarly, it has not been possible to determine the shortest duration of appropriate antibiotic treatment in severely immunocompromised patients [2] .
The European guidelines indicate that serial measurement of PCT serum levels can be performed together with clinical assessment in specific clinical circumstances (table 4) in order to shorten the duration of antibiotic treatment [2] .
• Since the expected duration of antibiotic treatment in patients with HAP/VAP is 7-8 days, performing serial determinations of PCT levels has marginal effects on shortening antibiotic treatment in patients with a good response to initial treatment [2] .
• Neither the initiation nor the duration of antibiotic treatment should depend solely on biomarkers [31] .
Topical application of non-absorbable antimicrobials in patients undergoing mechanical ventilation for more than 48 h
The oral flora of patients admitted to the hospital rapidly shifts to a predominance of aerobic Gram-negative pathogens that can be aspirated into the lower respiratory tract, ultimately resulting in the development of pneumonia. Therefore, appropriate hygiene of the oral cavity of hospitalised patients is mandatory. However, whether the use of oral antiseptics can reduce the incidence of VAP is still elusive [32] .
Several systematic reviews have compared the use of oral chlorhexidine to prevent VAP in patients admitted to the ICU [2] . A meta-analysis of clinical trials including more than 3500 patients reported fewer respiratory infections in patients undergoing cardiac surgery (three studies) treated with oral chlorhexidine, although no differences in VAP were detected in studies of patients admitted to other ICUs [33] . Of note, oral chlorhexidine did not improve survival, duration of mechanical ventilation, or ICU length of stay in any ICU population (13 studies) [33] . In a later retrospective study of more than 5500 patients undergoing mechanical ventilation, the same authors reported that the daily use of chlorhexidine was associated with a lower risk of VAP, but higher mortality risk, possibly due to the aspiration of chlorhexidine and the development of acute respiratory distress syndrome [34] .
Given these contradictory results, and the absence of a clear clinical benefit to offset the possible increase in mortality associated with chlorhexidine, the European guidelines did not issue a recommendation regarding its use [2] .
To reduce the incidence of infectious complications in patients undergoing mechanical ventilation, selective oral or digestive decontamination (SOD and SDD, respectively) can be applied [2] . SDD involves the prevention of colonisation by both Gram-negative and Gram-positive bacteria and yeasts, through topical use of non-absorbable antibiotics in the oropharynx and the gastrointestinal tract, with or without parenteral antibiotic [3] . Oral decontamination with chlorhexidine is an alternative antiseptic in ecological niches with high levels of antibiotic resistance [3] .
Studies comparing SOD with non-absorbable topical antibiotics indicate a reduction in the incidence of VAP, with no differences in the duration of mechanical ventilation or ICU stay. However, some studies found differences in mortality and others did not, sustaining controversy [2] . The effectiveness of SDD with non-absorbable topical antibiotics in the oropharynx and in the digestive tract has been evaluated in different clinical studies with a consistent reduction in mortality [35, 36] .
Another meta-analysis evaluating resistance with the use of SOD and SDD or usual care indicated that there were no differences in the prevalence of colonisation or infection with resistant Gram-positives, including MRSA and vancomycin-resistant Enterococci, although a reduction of Gram-negative bacilli resistant to polymyxin and resistant to third-generation cephalosporins was found in patients who received selective decontamination [37] .
In settings with low levels of antibiotic resistance, SOD (with non-absorbable topical antibiotics) and SDD (with administration of non-absorbable topical antibiotics in the oropharynx and gastrointestinal tract, and intravenous antibiotics) may be associated with reductions in nosocomial pneumonia and death. The potential effects of these antibiotics on antimicrobial resistance are uncertain [2] .
• Because of the contradictory results reported, the European guidelines do not make any recommendations on the use of chlorhexidine for performing SOD in patients requiring mechanical ventilation [2] .
• There are no major differences between benefits associated with SOD and SDD. Therefore, the European guidelines recommend the use of SOD rather than SDD, especially in environments with low resistance rates and low antibiotic consumption, in order to avoid the use of supplementary intravenous antibiotics [2] .
